The various laboratories responsible for the retrospective estimation of atmospheric radiocarbon concentration by precise measurement of carbon-14 activity in tree rings of known age, each have produced one or more calibration schemes (Damon, Long, and Wallick, 1972;  Damon, Long, and Ferguson, 1974; Ralph and Michael, 1970;  Ralph, Michael, and Han, 1973;  Michael and Ralph, 1972;  Stuiver and Suess, 1966; Suess, 1967; as have other independent researchers (Clark, 1973; Clark and Renfrew, 1972;  Lerman, Mook, and Vogel, 1970; McKerrel, 1975; Olsson, 1970; Switsur, 1973;  Wendland and Donley, 1971) . The assumptions underlying these calibrations have varied, and consequently, the results have differed. Consensus has slowly emerged, recognizing a long-term change in the carbon-14 inventory of nearly 10 percent with a period of the order of 10,000 years. However, differences between the various calibrations have continued, stemming from the manner in which the available data were handled for the estimation of the shorter period secular fluctuations.
Currently, there are approximately 1200 measurements on samples of known age, principally Pinus longaeva and Sequoia gigantea (bristlecone pine and giant sequoia), from the southwestern United States (fig 1) . These measurements span 8000 years with each sample representing an average of ten years' tree growth. More data exist in the European absolute and floating tree-ring chronologies but, for reasons that will be explained later, have not been included directly in the analysis reported here.
Because there are comparatively few replicate measurements (only 212), and even fewer replicate measurements involving two or more laboratories (30 for 2, 15 for 3), it has been difficult to estimate exactly the precision of measurement of specific activities. However, it is clear that this precision is somewhat less than that quoted by any of the laboratories (eg, Damon, 1970; Currie, 1972; Clark, 1975; 1979) . In addition, a few outliers exist in the data set, measurements that could not possibly be representative of the atmospheric carbon-14 concentration at the time to which they have been assigned. These factors have made many researchers cautious in their estimation of short term variations.
As a result, the various calibration schemes for some intervals of the past have produced calibrated dates that differ by as much as a few hundred years from one another, producing confusion and suspicion on the part of those who use radiocarbon dates. In light of this uncertainty, it was proposed to the US National Science Foundation that a workshop be convened to examine the problems of the calibration of the radiocarbon time scale. This workshop was to address itself to the considerations detailed above, as well as to an examination of possible systematic differences between laboratories and the design of a procedure for updating the calibration as more data become available in the future. The preliminary results of the workshop are described here, while the general goals have appeared elsewhere (Michael and Klein, 1979 ).
It is not currently possible to describe changes in the radiocarbon inventory by derivation of coefficients in a phenomenological model for any phenomenon except the geomagnetic field. This is due to the lack of data regarding the behavior of the factors influencing the radiocarbon production during the past eight millennia, and the tentative nature of the models linking atmospheric carbon-14 concentration with geophysical factors. Consequently, one is forced to apply some form of `robust' estimation (Tukey, 1977; Mosteller and Tukey, 1977; Velleman, 1977) using algorithms which are general enough to accommodate a large class of functions, yet which can be adjusted to take advantage of available information.
Least squares fitting, though subject to many serious limitations, provides more information about the distribution of data around an estimate, and the inherent uncertainties in this estimate, than is easily obtainable from almost any other method. The most serious failings of least squares are sensitivity to outliers and sensitivity to the pathologies of the function set used in estimation; such pathologies as the dominance of large x (independent variable) in the determination of the coefficients of polynomial regressions, and `end point' effects from Fourier analysis of non-stationary time series. On the other hand, linear regression is fairly independent of requirements on the spacing of the data (unlike moving averages and autoregression which are dependent on equal spacing), and freedom from a dependence on initial guesses as with nonlinear approaches. Consequently, the Workshop' (Damon and others, 1980) decided to adopt a multistage linear regression procedure based on an algorithm first presented at the Ninth International Radiocarbon Conference at La Jolla in 1976 (Ralph and Klein, 1979) .
In outline, the procedure involves a logarithmic compression of the data set to remove the disproportionate weight, given during polynomial regression, to data points with large values in the independent variable, ie, age. This results in improved numerical accuracy which is limited by the inversion of the variance matrix, due to its large determinant and roughly equally-sized individual elements. Polynominal regression was chosen to `detrend' the radiocarbon concentration due its compatibility with the secular growth. Such growth is demonstrated by the 10 percent increase in carbon-14 concentration of 7000 years ago compared to that of the pre-industrial 19th century. The results of the regression are shown in figure 1. After the data were detrended, the residuals of the data around the trend were Fourier-analyzed in overlapping intervals of 500 years.
After the first regression, outliers, which normally would influence the regression by the square of their residuals divided by the number of `normal' data points in the interval, were winsorized (Mosteller and Tukey, 1977) so that their effect would be reduced. The winsorization procedure involves replacing points with residuals more than twice as large as the residuals of 80 percent of points, by points with residuals equal to twice the fourth quintile residual.
The order of the Fourier analysis was chosen from a minimum in the F-statistic and from visual inspection of the conformances of the curve to the data. The 500-year regression (shingles) were averaged to minimize end effects. This "welding" was done using a cosine weight equal to one, in the middle of the interval, and to zero, at the ends. This averaged the predicted value of neighboring shingles with the result shown in figure 2.
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During the analysis of goodness of fit and from plots of the residuals (fig 3) versus individual labs, it became apparent that a systematic difference existed between the laboratories of Arizona and Pennsylvania on the one hand, and La Jolla on the other. This difference was about 6% (48 years). As a consequence, all the data used in the `geophysical curve,' the wiggly line shown here in figures of delta carbon-14 versus age, were adjusted to a common mean. Table 1 shows the systematic differences. These values were used to adjust the data. It was decided that similar adjustments would not be made on the calibration table data set, but that larger uncertainties would be included to allow for the uncertainty in standardization which seems to exist even in these precise measurements.
As a test of the robustness of the methods employed here, we performed a series of experiments to study the ability of the Fourier regression to retrieve signals from a noisy environment. We constructed an artificial data set consisting of a pure sine of amplitude 10%0 (80 years) with superimposed gaussian noise (o-= 6%, 50 years) and with white noise of amplitude 6% (50 years). Figure 4 shows the result of one of these experiments. The experiments were carried out with several sets of noise of various amplitude and the results of the signal retrieval were satisfactory in all of them. For reasons of space we can only show one of the results here.
As another check of the validity of the regression methods described, comparisions were made with independent data sets. Figure 5 shows the regression curve calculated on the workshop data set plotted against the data from de Jong, Mook, and Becker (1979) . Notice the good agreement both in amplitude and in phase, of the variations measured at Groningen, and those calculated here. It was decided at the Workshop that the floating chronologies of European trees would not be included until there was firm dendrochronologic evidence of their exact age, for fear of producing biases due to incorrectly located data sets, and circularity with regard to further wiggle matching. Similar agreement exists between the Workshop data set and that of Stuiver and Quay, 1980) on Pseudotsuga menziezii (Douglas fir) (fig 6) .
A more detailed description of the method and results including expanded graphs for the whole time range will be given elsewhere. We are also indebted to Minze Stuiver for allowing us to display his data from the first millennium BP (unpub).
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